Abstract. The present investigation aimed to clarify the physical functional abilities involved in the disturbance of smooth rising from a supine position in hemiplegic patients. The study compared task performance time and functional abilities between patients rising from a supine position with or without gripping the edge of the bed. Subjects comprising 21 hemiplegic patients were divided into 2 groups: those who needed to grip the edge of the bed to rise from a supine position (Group G, n=7); and those who did not (Group NG, n=14). The 2 groups displayed no significant differences in background characteristics other than age, with mean age for Group G significantly higher than that for Group NG. Rising performance time and 11 items for physical functional abilities were measured in all subjects. Rising performance time was significantly higher in Group G than in Group NG (p<0.05). Neck-trunk-pelvis motor function was lower (p<0.01), muscle tone was abnormal in more subjects (p<0.05) and strength of trunk rotation to the unaffected side was weak in more subjects (p<0.05) in Group G than in Group NG. No other physical functional abilities differed significantly between groups. These results suggest that patients rising from a supine position by gripping the edge of the bed display restricted task performance, and the main factors leading to a requirement for grip assistance seem to be abnormality and disability of trunk functions.
INTRODUCTION
Smooth performance of rising from a supine position represents an important task leading sequentially to maintenance of upright position and maneuvers of standing, transfer to a wheel chair or ambulation. Patterns of rising are known to change with development 1) , and rising performance regresses with age 2) . Rising patterns in elderly individuals differ substantially from those in young adults 3, 4) , and functional abilities of segmental movement and muscle strength may be reduced in elderly individuals compared to young adults 4) . Among elderly patients with hemiplegia who can rise independently from a supine position, approximately 83% of patients do so using a oneelbow support phase 5) . This pattern in hemiplegic patients disturbs smooth maneuvering and is commonly achieved using the edge of the bed for assistance often resulting in a burden on rising.
Alexander et al. 6) reported that approximately 75% of disabled elderly individuals were unable to rise from a supine position on a flat bed without using their hands.
The aim of this investigation was to clarify which physical functional abilities are involved in disturbance of smooth rising performance, by comparing task performance time and functional abilities between hemiplegic patients rising from a supine position with or without gripping the edge of the bed.
SUBJECTS
Subjects comprised 21 patients with hemiplegia (10 men, 11 women; mean age, 64.6 ± 11.8 years). Individuals displaying impaired higher brain function or double hemiplegia were excluded. All subjects provided informed consent before participating in the study. Diagnoses included cerebral infarction (n=10), cerebral hemorrhage (n=9) and subarachnoid hemorrhage (n=2). The affected side was the right side in 11 patients, and the left in 10 patients. Mean duration after cerebrovascular accident was 7.6 ± 8.9 months. Subjects were divided into 2 groups: those who could rise from a supine position without gripping the edge of the bed (Group NG, n=14); and those who could not (Group G, n=7). Background characteristics for each group are shown in Table 1 . No significant differences were observed between the 2 groups in sex, body mass index, diagnosis, affected side, duration after cerebrovascular accident or duration after beginning physical therapy. Mean age was significantly higher in Group G (72.0 ± 8.7 years) than in Group NG (60.9 ± 10.5 years, p<0.05).
METHODS
Rising performance time and physical functional abilities were measured in all subjects. Rising performance time was measured from a verbal cue to start from a supine position until the patient placed their hand palm down on the thigh of the supported side after passing through a single elbow support phase.
Physical functional abilities were measured using motor function of the upper and lower limbs on the affected side, motor function of the neck-trunkpelvis, sensory function, muscle tone, range of motion (ROM) of trunk rotation in the unaffected direction, flaccidity of the affected shoulder girdle, muscle strength of the trunk in the unaffected direction, muscle strength of the upper and lower limbs on the unaffected side, restting and dynamic sitting balance, and resting and dynamic balance in a single elbow support position utilized during rising.
Evaluation of motor function was tested in the upper and lower limbs on the affected side according to Brunnstrom recovery stage (Brstage) 7) , and neck-trunk-pelvis functional ability was assessed using motor function stage (NTP stage) as developed by Yoshio et al. 8) . Sensory function and muscle tone were determined using 3-rank scales of "anesthesia", "hypesthesia" and "normal" for sensory function, and "hypertonicity", "normal" and "hypotonicity" for muscle tone. ROM of trunk rotation in the unaffected direction was measured according to procedures defined by the Japanese Orthopaedic Association and Japanese Association of Rehabilitation Medicine 9) . To assess flaccidity of the shoulder girdle, subjects lay with their back in contact with a sponge triangular prism on the unaffected side only (500 × 200 × 115 mm; Sakai Medical Co., Tokyo) ( Fig. 1 ), so the shoulder girdle on the affected side was not in contact with anything. Subjects were then asked to relax their shoulders, and the angle between the line connecting the vertex and acromion process of the scapula on the affected side, and the extension of the line connecting the vertex and acromion process of the scapula on the unaffected side was measured. Assessment of muscle strength of trunk rotation in the unaffected direction was performed according to the methods of Daniels et al. 10) . A µTas MT-1 analysis system (Anima Co., Tokyo) was used to test manual muscle strength of the upper limb on the unaffected side. Shoulder abductor muscle strength was measured, as the deltoid muscle has been shown to contract throughout the series of movements when rising through a single elbow support phase 11) . Measurement of all balance abilities was performed using a gravicorder G-6100 (Anima Co.) to measure the center of pressure (COP). Abilities of resting and dynamic sitting balance were measured as described by Takahashi et al. 12) , except subjects were not allowed to have their feet in contact with the floor. Basically, subjects assumed a sitting position with the intergluteal cleft aligned with the Y-line on a force platform, and were required to look at a forward index point. Subjects were asked to move as little as possible for the rest task, and to move the upper body as far as possible to the right and left according to a rhythm of 52 cycles/min on a metronome for the dynamic task. Sampling time was 20 s and sampling frequency was 20 Hz. Total trajectory length (LNG) for the COP and ratio of maximal trajectory distance in an anteroposterior (Y) direction to distance in a lateral (X) direction (YD/XD) for COP were adopted as parameters.
Balance abilities in a single elbow support position were assessed according to the methods outlined by Furuyama et al. 13) and Narita et al. 14) for the rest task, and as reported by Narita et al. 14) and Masuya et al. 15) for the dynamic task. Briefly, subjects placed the forearm on the unaffected side in line with the Y line on a force platform after rising to a single elbow support position from a supine position, with shoulder joint abducted 60° (Fig. 2) . Subjects were asked to look at the back of their hand on the supported side and to move as little as possible for the rest task, and to move the upper body one time as far as possible in the anterior and posterior directions for the dynamic task. Sampling time was 20 s and sampling frequency was 20 Hz. Number of repetitions was 1 in the rest task and 3 in the dynamic task. In the dynamic task, mean values were used for analysis, as the reproducibility of only 1 measurement was not sufficiently proven 13) . LNG and YD were set as parameters for statistical analysis. Student's t-test and χ 2 test were used for comparisons between the 2 groups. Values of p<0.05 were considered statistically significant.
RESULTS
Rising performance time was significantly greater in Group G than in Group NG (9.8 ± 4.0 s vs. 4.7 ± 1.9 s, respectively; p<0.05). Neck-trunkpelvis motor function stage was lower (p<0.01), muscle tone was abnormal in more subjects (p<0.05) and muscle strength of trunk rotation in the unaffected direction was weak in more subjects (p<0.05) in Group G compared to Group NG. No other significant differences in abilities were identified between groups (Table 2) .
DISCUSSION
Among hemiplegic patients who were able to rise independently from a supine position, individuals who needed to grip the edge of the bed required more time to rise and displayed restricted performance. Differences in performance time may be partially attributable to the time required for the individual to search for a grip at the edge of the bed. Performance time may also be influenced by impairment of trunk function. Mean age for Group G was more than 10 years older than that in Group NG. A fall in physical functional abilities with age may thus represent a background factor.
Neck-trunk-pelvis motor function stage was lower, muscle tone was more frequently abnormal and muscle strength of trunk rotation according to manual muscle testing was more frequently level 3-4 in Group G than in Group NG. Br-stage of the upper and lower limbs, sensory disturbance, ROM of trunk rotation, flaccidity of the shoulder girdle, upper extremity muscle strength of the unaffected side and balance abilities were not influenced by the need for a grip when rising from a supine position.
We expected that grade of paralysis would represent the greatest factor distinguishing Groups G and NG, as individuals with impairment of higher brain function were excluded. Unexpectedly, however, Br-stage of the upper and lower limbs did not differ between groups, with only NTP stage displaying significant differences. Tomita et al. 16) noted that rising becomes difficult if central movements are not started earlier, such as trying to rise from a supine position without raising the peripheral parts such as the head and in patients with inadequate abdominal fixation, even if the muscular power propelling the movement is sufficient. Since gripping the edge of the bed occurred from the early stages of rising to the single elbow support position, central fixation (i.e., trunk function) might thus be more important than motor function of the upper and lower limbs. Muscle tone was assessed for the whole body, but no differences were identified between the 2 groups with regard to flaccidity of the shoulder girdle. Muscle tone of the lower limb or trunk might therefore influence smooth rising performance. Sato 17) noted that the shoulder of the affected side tends to remain positioned posteriorly if abdominal fixation is insufficient. For this reason patients attempt to rely excessively on action of the rectus abdominis muscle when trying to rise, but are unable to offer sufficient counterweight (against gravity) from the lower limb for fixation, as flexor activity of the lower extremity is induced by the associated reaction movement.
In this study, many abnormalities in muscle tone of Group G subjects represented hypotonicity ( 8 0 % ) , r a t h e r t h a n h y p e r t o n i c i t y ( 2 0 % ) . Furthermore, abnormalities in muscle tone of Group N G s u b j e c t s p r e d o m i n a n t l y r e p r e s e n t e d hypertonicity (80%). The possibility that a hand grip is needed because of the ease of generating the associated reaction movements of the lower limb accompanying hypertonicity thus appears unlikely. A hypotonic lower limb is thought to offer a fixed weight when the individual attempts to rise. If this is correct, hypotonicity of the trunk muscles may influence the need to grip the edge of the bed.
Activities of the rectus abdominis muscle 11) and abdominal muscle power 5) are considered critical to rising performance. The present study measured muscle strength of trunk rotation in the unaffected direction in consideration of the pattern of maneuvering, such as rising via a single elbow support position. Subjects with weaker strength of rotation tended to be those in Group G. In order to compensate for reduced strength of the trunk muscles, gripping the bed edge was thought to offer fixation, allowing the trunk to be elevated in a diagonal line from a supine position to a single elbow support position.
In the present study, shoulder abductor muscle strength was measured as muscular power of the unaffected upper limb. Since deltoid muscle activity probably increases quickly from the time at which weight begins to be loaded onto the forearm of the supported side, little electromyographic activity occurs in the early phase of rising from a supine position 11) . Compensation for weakness of this muscle may not be achievable when gripping the edge of the bed during the early phase of rising. Similarly, balance is also considered important in the single hand support phase when the center of gravity is elevated while the direction of movement of the center of gravity changes from lateral to medial, and the weight of the upper body begins to load onto the forearm of the supported side until a sitting posture is achieved and stabilized. For this reason, balance ability may not influence whether an individual can rise without gripping the edge of the bed.
In conclusion, abnormality and disability of trunk functions such as grade of trunk paralysis, muscle tone of the trunk and rotator muscle strength in the trunk appear to represent factors necessitating use of a handgrip when rising. Although the influence of aging was apparent, approaches emphasizing trunk function appear important in physical therapy for patients seeking to acquire and maintain the ability to rise smoothly without gripping the edge of the bed.
